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A B S T R A C T
Orexinergic system is involved in reward processing and drug addiction. Objectives here, we investigated the
eﬀect of intra-hippocampal CA1 administration of orexin-1 receptor (OX1r) antagonist on the expression, and
extinction of morphine-induced place preference in rats. Conditioned place preference (CPP) was induced by
subcutaneous injection of morphine (5mg/kg) during a 3-day conditioning phase. Two experimental plots were
designed; SB334867 as a selective OX1r antagonist was dissolved in 12% DMSO, prepared in solutions with
diﬀerent concentrations (3, 30, and 300 nM), and microinjected into the CA1 and some neighboring regions
(0.5 μl/side), bilaterally. CPP score and locomotor activity were recorded during the CPP test. Results demon-
strated that intra-CA1 administration of the OX1r antagonist attenuates the expression of morphine-induced
CPP. Furthermore, higher concentrations of SB334867 facilitated the extinction period of morphine-induced CPP
and reduced its latency. Nevertheless, solely administration of DMSO did not have any inﬂuence on the CPP
scores and locomotion in both phases. Our ﬁndings suggest that OX1rs in the CA1 region of the hippocampus are
involved in the expression of morphine CPP. Moreover, blockade of OX1rs could facilitate extinction and may
extinguish the ability of drug-related cues. It seems that the antagonist might be considered as a propitious
therapeutic agent in suppressing drug-seeking behaviors.
1. Introduction
Repeated relapse is one challenge in the treatment of addiction. In
some addicts drug-craving is induced by drug-associated cues which
activate drug-associated memories after prolonged abstinence and then
lead to relapse. Conditioned place preference (CPP) paradigm is used
commonly for measuring of the rewarding properties of drugs in animal
through the Pavlovian conditioning [1,2]. Pharmacological studies
show that repeated drug administration produces drug reinforcement
and drug-induced place preference. Furthermore, CPP is also used to
study drug-related learning and memory and thus is suitable for
studying cue-induced responses [3]. Relapse has been modeled in an-
imal studies via measures of reinstated drug-seeking in animals ex-
tinguished from the drug. Sun et al. found that entrances to drug-paired
compartments, increased time-dependently in the rats. In the morphine
group, compared with the saline-paired compartments, rats entered
more frequently to the morphine-paired compartments in the CPP tests,
suggesting that rats had a more preference to the morphine- and saline-
associated environments [3]. Extinction related to a progressive de-
crease in the preference for the environment associated with the drug
when the substance is not present [4,5]. Reinstatement is widely ac-
cepted as a relevant model to study the mechanisms involved in drug-
craving and relapse is responding induced by a priming injection of
drugs [6,7] and more recently place-conditioning paradigm used for
observing a drug-induced reinstatement behavior [8–11]
The two major clinical concerns in the treatment of addiction are
the length of extinction period and reinstatement to drug [12]. It seems
the manipulation of the memories associated with any particular drug
could be an eﬀective method to remove these memories, and therefore
preventing relapse.
The hippocampus plays an important role in learning and memory
[13–15]. Previous studies have suggested that some of the cognitive
deﬁcits observed in opiate abusers may be related to altered hippo-
campal function [16]. Several lines of evidence demonstrating the in-
volvement of the hippocampus in CPP induced by drugs of abuse; it has
been shown that this region is involved in CPP task as a reward-related
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learning paradigm [17–19]. Dorsal hippocampus, especially the CA1
region, is a major neural substrate mediating the linkage between
contextual cues and the rewarding eﬀects of morphine [20]. The CA1
has a great output connections with the prefrontal cortex, bed nucleus
of the stria terminalis, the amygdale, ventral tegmental area (VTA),
nucleus accumbens (NAc) [21–23], and the amygdala has extensive
reciprocal connections with the ventral hippocampus [24]; all of these
structures have been applied in stress-related behaviors, such as drug-
seeking behavior in the reinstatement model of relapse [25].
Orexin-A and orexin-B (also called hypocretin-1 and hypocretin-2),
two key neuropeptides, are exclusively produced in a few number of
neurons in the perifornical area and posterior and lateral hypothalamus
(LH) [26,27]. The orexin system has a crucial role in regulation of the
motivated behaviors and brain reward [28,29].
Harris et al. showed that the induction of morphine- and cocaine-
CPP has a strong correlation with activation of lateral hypothalamic
orexin [30,31]. This study also reported that systemic administration of
the orexin-1 receptor (OX1r) antagonist, SB334867 blocks the re-
instatement of extinguished CPP behaviors. Subsequent studies showed
that systemic SB334867 blocks the expression of CPP for amphetamine
[32]. So, orexinergic neurons are involved in reward processing and
drug abuse [33]. Moorman et al. observed the strong activation of or-
exin neurons during context-induced reinstatement [34]. Also orexin
signaling via OX1r is critical for cue-induced reinstatement of ex-
tinguished cocaine-seeking in the self-administration paradigm [35].
The two bases of addiction are reward processing and drug abuse. It has
been hypothesized that conditioning mechanisms have major roles in
addiction. To be more speciﬁc, the association between the rewarding
properties of drug abuse and the drug context can contribute to future
use and therefore, it facilitates the transition from initial drug use into
drug dependency. Orexinergic neurons are activated by cues associated
with rewards such as drugs [30]; orexin neurons heavily innervate
structures that drive behaviors motivated by drug rewards. Moreover,
orexin receptors are expressed at high levels in the VTA and NAc
[36,37].
Morphological studies have shown that the hippocampal CA1 region
receives orexinergic innervation originating from the hypothalamus.
Positive OX1r are detected in the CA1 region. Orexin-A produces ex-
citatory eﬀects on hippocampal neurons via OX1rs in this region [38]. A
type of information is processed in the long-term memory which aﬀects
hippocampal-dependent learning, and it is regulated by the hippo-
campus-VTA dopaminergic loop [39], and orexinergic system can ac-
tivate mesolimbic dopamine neurons, especially those located in the
VTA [37,40]. Based on the importance of the CA1 region in mediating
reward processing and drug abuse, and also the existence of orexin
receptors in this area, the present experiments tried to determine the
eﬀects of infusions of SB334867 as a selective OX1r antagonist in the
dorsal hippocampus on expression and extinction of morphine-induced
conditioned place preference in the rats.
2. Materials and methods
2.1. Animals
In this study, seventy-eight adult male albino Wistar rats (Pasteur
Institute, Iran) weighing 220–280 g were used in this study. The ani-
mals were randomly kept in groups of three with free access to chow
and tap water. The vivarium was maintained at 12:12 h light/dark cycle
and controlled temperature (23 ± 1 °c). All experiments were con-
ducted according to the Guide for the Care and Use of Laboratory
Animals (National Institutes of Health Publication No. 80-23, revised
1996) and were approved by the Research and Ethics Committee of
Shahid Beheshti University of Medical Sciences, Tehran, Iran.
Additionally, all eﬀorts were made to minimize animal suﬀering and to
reduce the number of animals used to obtain reliable results.
2.2. Drugs
In this study, the used drugs were: Morphine sulfate (TEMAD, Iran),
SB334867, as an OX1r antagonist, (Tocris Bioscience, UK) which were
dissolved in sterile saline (0.9%) and 12% dimethyl sulfoxide (DMSO;
Sigma-Aldrich, Germany), respectively. Bilateral intra-CA1 microinfu-
sions of 0.5 μl of SB334867, DMSO 12%, were performed over 60 s
using a 1-μl Hamilton syringe connected to a stainless steel 30-gauge
needle as an 8-mm microinjector (1mm longer than the guide cannula)
which was attached to a piece of polyethylene tubing.
2.3. Cannulation methods
For stereotaxic implantation of cannulae, the rats were deeply an-
esthetized with intraperitoneal injection of a mixture of Ketamine and
Xylazine (100 and 10mg/kg, respectively) and placed in a stereotaxic
apparatus (Stoelting, USA). An incision was made along the midline,
the scalp was retracted, and the area surrounding bregma was cleaned
and dried. Stainless steel guide cannulae were unilaterally implanted
into 1mm above the CA1 according to the atlas of the rat brain [41].
Stereotaxic coordinates for the CA1 were AP=3.5 ± 0.15mm caudal
to bregma, Lat= 2.2 ± 0.7mm lateral to midline, DV=2.7mm ven-
tral from the skull surface (cannula 23-gauge, 9mm). The guide can-
nulae were secured in their places using two stainless steel screws an-
chored to the skull and dental acrylic cement. After the cement was
completely dried and hardened, cannula to prevent occlusion. After
5–7 days of recovery, animals were used for the experiments. Anato-
mical control injections groups, however, received the maximal dose of
drug (SB334867) alone into various neighboring regions of the CA1.
2.4. Conditioned place preference apparatus and paradigm
The CPP test, a behavioral task often used to measure reinforcing
properties of drugs, has been used to measure memory or learning of
simple stimulus-reward associations [2]. In order to evaluate these
features, a three-compartment CPP apparatus was used (Fig. 1). The
Fig. 1. Schematic three-chamber apparatus used in
the conditioned place preference paradigm.
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apparatus was made of Plexiglas and divided into two equalsized and
cue-diﬀerent (distinguishable characteristics) compartments
(30× 30×40 cm) which were connected to each other via a start box
(30× 15×40 cm) as the third (null) compartment. The two main
compartments had a diﬀerence in their wall strips orientation (vertical
vs. horizontal) and for making the tactile diﬀerence between them, the
smooth and net panels were used for their ﬂoors. A guillotine door was
used to separate the two main compartments from the start box (Fig. 1).
The whole experimental process was performed under controlled light
conditions and in the silent room for avoiding any annoying sound. This
CPP procedure consists of a 5-day schedule with three distinct phases.
2.4.1. Pre-conditioning phase
During this phase (day1), each animal was placed in the start box
with the guillotine door removed and rats were allowed to move freely
in all compartments for a10-min period. Time spent in each compart-
ment was monitored and recorded using a 3CCD camera (Panasonic
Inc., Japan). In the experimental setup used in the present study, the
animals did not show any preference for either of the compartments
during the pre-conditioning phase. No injection was given on the pre-
conditioning day (pre-test day).
2.4.2. Conditioning phase
On the ﬁrst day of the conditioning phase (also known as the ac-
quisition phase, days 2–4), all groups received their allocated treatment
(Morphine 5mg/kg s.c., and intra- CA1 administration of drug/vehicle)
and were randomly conﬁned to the drug-paired compartment for
30min by closing the removable door of the apparatus. Six hours later,
all groups received saline subcutaneously without any intra-hippo-
campal treatment. Then, rats were placed in the non drug-paired
(saline-paired) compartment and their movements were recorded for
30min. On the second day, this process continued with the change in
the time of receiving the drugs. In other words, animals received sub-
cutaneous saline in the morning and their proper treatment in the
afternoon (6 h later). It was done to prevent any time-dependency on
drug administration. The third day of conditioning was performed the
same as the ﬁrst day.
2.4.3. Post-conditioning phase
On the ﬁfth day (expression phase), the animals were tested for the
CPP (under morphine-free condition) after receiving the allocated
treatment. Rats were placed in the box and tested for CPP with free
access to all compartments. The time spent in each compartment during
the 10-min period was recorded by a video tracking system for auto-
mation of behavioral experiments (Noldus Information Technology, the
Netherlands), 3CCD camera (Panasonic Inc., Japan), and analyzed
using the Ethovision software (Version 7). Diﬀerence(s) of the time
spent in the morphine and saline paired compartments were considered
as conditioning score (CPP score). No injection was given on the test
day. Total distance traveled (locomotor activity) by each animal was
also recorded in control and experimental groups.
2.4.4. Extinction latency
After conditioning and following the initial CPP test, rats underwent
the 20-min test session and the time spent in each compartment was
daily recorded by the Ethovision software, but no injections were per-
formed. This procedure was repeated for each animal in the control and
experimental groups and continued until the calculated CPP scores in
the extinction phase reach 50% decrease in CPP score in the test day
(post-conditioning day). The “extinction latency” for each animal was
represented by the number of days required to reach 50% decrease in
CPP score in the test day as a criterion.
2.5. Eﬀect of the treatments on locomotor activity
Any possible changes locomotor activity or any movement disorder
can aﬀect the CPP scores and procedure. Therefore, it is essential to
assure that locomotor activity of the animal (both ambulatory and
vertical movements) is normal. The total distance traveled (locomotor
activity) by each animal during a 10-min period was recorded by a
video tracking system and analyzed using the Ethovision software on
the test day (post-conditioning day).
2.6. Experimental design
2.6.1. Eﬀects of intra-CA1 injections of SB334867, as an OX1r antagonist,
on the expression of morphine-induced conditioned place preference
Animals were treated with morphine 5mg/kg (s.c.), once daily for 3
consecutive days. After conditioning days; Three SB-treated groups
(n= 21) were administered diﬀerent doses of SB334867 (3, 30 and
300 nM/0.5 μl DMSO) into the CA1 region, 5min prior to test in the
post-conditioning day. DMSO group (n=8) received 12% DMSO
(0.5 μl/rat) instead of SB334867 into the CA1 as a vehicle (morphine
control) group. An anatomical control injections group (n= 5) was
administered SB334867 as a 300 nM solution (the highest dose) into
various neighboring regions of the CA1. In all control and experimental
groups, CPP score and distance traveled were calculated during the10-
min period on the post-conditioning (test) day.
2.6.2. Eﬀects of intra-CA1 injections of SB334867, as an OX1r antagonist,
on the morphine extinction in conditioned place preference
In this set of experiments, we examined the eﬀect of intra-CA1 ad-
ministration of SB334867 (3, 30 and 300 nM/0.5 μl DMSO) on the
morphine maintenance. Three groups of animals (n= 20) received
diﬀerent doses of antagonists (3, 30 and 300 nM/0.5 μl DMSO) into the
CA1. In control groups, animals received 12% DMSO (n=5) as a ve-
hicle group, or the highest dose of SB334867 (n=6) as anatomical
control injections group during extinction days, 5 min before each test/
day. The naïve group was conditioned but did not receive any drug/
vehicle during extinction period. CPP scores and distance traveled were
calculated each day in extinction phase during the10-min period test.
2.7. Histological veriﬁcation
After completion of experimental sessions, animals were deeply
anesthetized with Ketamine and Xylazine. Then, they were transcar-
dially perfused with 0.9% saline and 10% formalin solution. The brains
were removed, blocked and cut coronally in 50-μm sections through the
cannula placements. Sections were examined to determine the location
of the cannulae (Fig. 2) aimed for the CA1 according to the rat brain
atlas [41]. Data from animals with injections sites located outside the
CA1 region were excluded from the main statistical analysis as mis-
placements. Additionally, another group of animals was used as ana-
tomical control injections in each set of experiment that received the
highest dose of SB334867 into the neighboring regions of the dorsal
hippocampus (Fig. 2).
2.8. Statistics
Conditioning scores were expressed as a mean ± standard error of
the mean (SEM). Also, locomotor activity was expressed as the total
distance traveled that the rats passed through compartments. Results
were considered statistically signiﬁcant when P < 0.05, and data were
analyzed using commercially available software GraphPad Prism® 6.0.
In order to study the eﬀect of treatments on the CPP scores and distance
traveled obtained in all groups during the expression, and extinction of
morphine-induced CPP, the statistical analyses were performed using
unpaired student t-test or one-way ANOVA followed by post-hoc
Newman-Keuls multiple comparison tests.
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3. Results
3.1. Eﬀects of intra-CA1 injections of SB334867, as an OX1r antagonist,
on the expression of morphine-induced conditioned place preference
In this set of experiments, we examined the eﬀects of diﬀerent doses
of SB334867 as an OX1r antagonist microinjected into the CA1 on
seeking behaviors in CPP paradigm. As shown in Fig. 3A, there was a
signiﬁcant diﬀerence in CPP scores [t12= 7.342, P < 0.001; Fig. 3A]
between saline control group (animals that received saline during 3-day
conditioning phase) compared to morphine control (DMSO) animals
that received morphine (5mg/kg; s.c.) during 3-day conditioning
phase, and also intra-CA1 injection of 12% DMSO (0.5 μl/side) instead
of SB334867 in post-conditioning day, just before the CPP test. How-
ever, one-way ANOVA followed by Newman-Keuls multiple comparison
tests [F (5, 39)= 17.81; P < 0.0001; Fig. 3A] demonstrated signiﬁcant
Fig. 2. The schematic illustrations of coronal sections of the rat brain showing the approximate location of the microinjection sites [white circle=DMSO, black circle= treatment
(SB334867), black square= anatomical control injections and black triangle=misplacement]. All microinjections were performed bilaterally into the CA1 or some neighboring regions
(e.g., CA2, CA3, DG, or MoDG). The numbers indicate A-P coordinates relative to bregma. Cornu Ammonis areas: CA1, CA2, CA3; D3V, dorsal third ventricle; LV, lateral ventricle; cc,
corpus callosum; ec, external capsule; DG, dentate gyrus; MoDG, molecular dentate gyrus. Atlas plates were adapted from the rat brain atlas (Paxinos and Watson 2007). Scale bar is
1 mm.
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diﬀerences in CPP scores between vehicle- and morphine-treated
groups on the test day. The results showed that the intra-CA1 admin-
istration of diﬀerent doses of SB334867 (30 and 300 nM/0.5 μl DMSO)
decreased CPP scores in the post-test day in a dose-dependent manner
compared to DMSO-control group. Here also, the highest concentration
of SB334867 notably blocked OX1rs within the CA1 and attenuated the
expression of place preference (P < 0.001), unlike the neighboring
regions which received SB334867 at the same concentration (300 nM).
On the other hand, one-way ANOVA followed by Newman-Keuls
multiple comparison tests [F (5, 39)= 0.2365; P=0.9436; Fig. 3B]
indicated that intra-CA1 administration of SB334867 did not change
distance traveled during the 10-min test period (post-conditioning
phase) in comparison with that of the vehicle-control groups.
3.2. Eﬀects of intra-CA1 injections of SB334867as an OX1r antagonist
during the extinction phase, on the extinction latency of morphine-induced
conditioned place preference
Fig. 4 determines the role of intra-CA1 orexin-1 receptors in the
extinction latency of morphine-induced CPP, after post-conditioning
phase, during extinction phase in a series of experiments. The extinc-
tion latency was deﬁned as a 50% decrease in CPP scores compared to
those of the ﬁfth day (post-conditioning). One-way ANOVA followed by
Newman-Keuls multiple comparison tests [F (5, 37)= 14.4;
P < 0.0001; Fig. 4A] showed that extinction latencies change in
treatment groups compared to the naïve and/or DMSO group. Intra-
Fig. 3. The eﬀect of bilateral administration of SB334867 (0.5 μl of 3, 30 and 300 nM
solutions per side) into the CA1 on (A) conditioning score(s) and (B) locomotor activity
with or without morphine during the expression phase. Following the experimental
procedure of morphine place conditioning, animals received SB334867 on the ﬁfth day.
After subcutaneous injections of saline and morphine during 3 days of conditioning,
DMSO (vehicle) group just received DMSO 12% (0.5 μl per side) into the CA1. After
3 days of conditioning with morphine, anatomical control injections group received a
300 nM solution of OX1r antagonist into some neighboring sites of the CA1, on day 5.
Additionally, diﬀerent doses of the SB334867 did not change distance traveled during the
10-min test period compared to that of the saline-control group. Each bar is represented
by the mean ± SEM for 5–8 rats (eight rats in DMSO group).
*P < 0.05, *** P < 0.001 compared to saline-control group.
†† P < 0.01, †††P < 0.001 compared to DMSO group.
Fig. 4. The eﬀect of administration of diﬀerent doses of SB334867 (3, 30 and 300 nM) on
(A) extinction latency (day), compared to naïve and/or DMSO control group that animal
received DMSO during extinction period instead of SB334867. Extinction latencies in
anatomical control injections group and animals which had received 3 nM solutions of
SB334867, were not signiﬁcantly changed compared to either naïve or DMSO groups.
Animals which had received 300 nM solutions of SB334867 notably showed more than
60% reduction in conditioning scores of day 5 compared to DMSO group. Additionally,
diﬀerent doses of the SB334867 did not change distance traveled during extinction period
compared to that of the naïve and/or DMSO groups. Each bar is represented by the
mean ± SEM for 5–7 rats.
*P < 0.05, *** P < 0.001compared to naïve group
†† P < 0.01 compared to DMSO group
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CA1 administration of SB334867 (30 and 300 nM) signiﬁcantly dis-
played shorter extinction latencies in these SB-treated groups
(4.5 ± 0.3 and 2 ± 0.3 days) compared to both naïve and/or DMSO
groups (6.4 ± 0.5 and 6.2 ± 0.5 days), respectively. Furthermore, as
shown in Fig. 4A, the extinction latency in the anatomical control in-
jections group (6 ± 0.7 days) had no changes compare to both naïve
and/or DMSO groups. On the other hand, one-way ANOVA followed by
Newman-Keuls multiple comparison tests [F (5, 37)= 0.1684;
P=0.9724; Fig. 4B] indicated that diﬀerent doses of SB334867 did not
change distance traveled during the 10-min test period (during ex-
tinction phase) in comparison with both naïve and/or DMSO groups.
4. Discussion
In the present study, the role of OX1rs within the dorsal hippo-
campus (CA1 region) in the expression and extinction of morphine-in-
duced CPP was investigated. The main research highlights were (i) a
reduction in the expression (retrieval of contextual information) of
drug-seeking behaviors and (ii) shortening the extinction latency of
morphine rewarding properties during the CPP paradigm by intra-CA1
administration of the OX1r antagonist, SB334867. Orexin transmission
in the hippocampal CA1 area through recruitment of the OX1rs is an
important issue in the expression of morphine-induced CPP. In addi-
tion, these ﬁndings conﬁrm that hippocampus has a role in the ex-
tinction of the model of Pavlovian conditioning [42], and it is crucial in
the exhibition of morphine-seeking behavior during the extinction
period.
Morphine injection into the hippocampus causes CPP [43]; it is
conﬁrmed that reward-related learning is associated with the hippo-
campus, meaning that it is involved in the formation of a connection
between the drug and particular contextual cues [44]. The CA3 and
CA1 are most likely involved in the reward processing; CA1 might play
a particularly crucial role among hippocampal sub-regions in evalu-
ating experienced events as well as reward, and chosen value signals
were stronger in CA1 than CA3 [45]. In this study, we showed that
CA1’s OX1r has a crucial role in this process. The LH sends projections
to CA1 that have an essential role in contextual reward-related beha-
viors [46]. The previous study in our lab revealed that chemical sti-
mulation of the LH by crabachol induces CPP in the rats [47–49]. Or-
exin neurons in the lateral subdivision of LH preferentially encode
reward-motivated behaviors and collaborate in brain reward [31]. In
addition, in the previous study, we found that unilateral intra-CA1
administration of SB334867, an OX1r antagonist, or TCSOX229, an
OX2r antagonist, signiﬁcantly attenuates the development of place
preference induced by stimulation of the LH in a dose-dependent
manner. This research indicates that the source of hippocampal orexins
could be the projecting neurons from LH [18]. It appears that orex-
inergic receptors, located in the dorsal hippocampus, are necessary for
the development of LH stimulation induced CPP.
Previous studies have shown that systemic administration of OX1r
antagonist leads to the reduction of the acquisition and expression of
morphine place preference [50]. A genetic deletion of orexin lacked
conditioned place preference for morphine in mice [51]. Primary stu-
dies in our laboratory have shown that the rewarding eﬀect of mor-
phine was disrupted by intra-hippocampal administration of OX1r an-
tagonist during the conditioning phase [19]. These ﬁndings are
consistent with our results and conﬁrm the critical role of OX1 re-
ceptors in the CA1 on the expression of CPP and reward processing. On
the other hand, bilateral intra-CA1 microinjection of TCS OX2 29 (OX2r
antagonist) signiﬁcantly prevented both acquisition and expression of
morphine-induced CPP [52]. This data is parallel with our ﬁndings the
CA1 orexinergic system is crucial for expression of morphine-induced
CPP. Therefore, in the present study, the intra-CA1 injection of OX1r
antagonist possibly disrupts memory retrieval associated cues and
context of CPP; in turn, it inhibits the expression of morphine-induced
CPP. In conclusion, our data provide evidence that orexinergic system
and its connections with CA1 have an essential role in the expression of
CPP induced by morphine.
We also found that drug-induced CPP or salience of drug-paired
environmental cues in the absence of morphine was maintained up to
8 days. Another ﬁnding from this research was that the intra-CA1 ad-
ministration of SB334867 after the test day (post-conditioning day)
could facilitate the extinction of morphine-induced CPP. This means
that the blockade of OX1rs and repeated exposure to the previously
drug-paired environment in the absence of the drug led to a reduction
in maintenance of morphine-induced CPP. Previous studies have shown
the interaction between the dorsal hippocampus and the basolateral
amygdale is necessary for the extinction of conditioned place aversion
(CPA) behavior [53]. Hippocampal OX1rs (particularly in the CA1) play
an essential role in other associative learning and memory processing
tasks such as CPA, fear conditioning, passive avoidance learning, and
Morris water maze task [54–56]. Orexin function during learning could
reﬂect its suggested role in mediating motivation and attention towards
biologically relevant events [57–59]. The reduction in the expression
(retrieval of contextual information) of drug-seeking behaviors and also
a facilitation in the extinction of morphine by intra-CA1 administration
of the OX1r antagonist, SB334867, in the current study could also re-
ﬂect a decrease in motivation and attention, or both of them. Indeed,
orexin signaling is necessary for the motivation to initially seek drugs
for reviews, see [31], and the motivation to seek reward during ex-
tinction [60,61]. Our ﬁndings are in agreement with previous reports.
Moreover, Flores et al. revealed that blockade OX1rs facilitated fear
extinction, whereas orexin-A administration impaired this extinction of
aversive memories [56]. Acute administration of SB334867 did not
aﬀect cocaine seeking or intake during the maintenance of self-ad-
ministration, but reduced cocaine seeking during extinction [62]. Our
data also showed that dorsal hippocampal OX1r antagonism facilitates
the extinction of reward memories; these ﬁndings are strictly in line
with a prominent role of hippocampal OX1rs in the associative learning
and memory processing.
In conclusion, the orexinergic system was evaluated in the expres-
sion phase of morphine reward and also during the extinction period of
the CPP paradigm. Our ﬁndings suggest that orexinergic signaling
through recruitment of OX1rs in the hippocampus has a crucial role in
the exhibition of reward-related behaviors during the expression and
extinction of morphine-induced CPP in the rats.
Acknowledgments
The authors would like to thanks from the Neuroscience Research
Center, School of Medicine, Shahid Beheshti University of Medical
Sciences, Tehran, Iran for all supporting materials.
References
[1] M.T. Bardo, R.A. Bevins, Conditioned place preference: what does it add to our
preclinical understanding of drug reward? Psychopharmacology 153 (1) (2000)
31–43.
[2] T.M. Tzschentke, Measuring reward with the conditioned place preference para-
digm: a comprehensive review of drug eﬀects, recent progress and new issues, Prog.
Neurobiol. 56 (6) (1998) 613–672.
[3] Y. Sun, Z. Pan, Y. Ma, Increased entrances to side compartments indicate incubation
of craving in morphine-induced rat and tree shrew CPP models, Pharmacol.
Biochem. Behav. 159 (2017) 62–68.
[4] D.H. Epstein, K.L. Preston, J. Stewart, Y. Shaham, Toward a model of drug relapse:
an assessment of the validity of the reinstatement procedure, Psychopharmacology
(Berl) 189 (1) (2006) 1–16.
[5] Y. Shaham, U. Shalev, L. Lu, H. De Wit, J. Stewart, The reinstatement model of drug
relapse: history, methodology and major ﬁndings, Psychopharmacology (Berl) 168
(1–2) (2003) 3–20.
[6] T.J. De Vries, A.N. Schoﬀelmeer, R. Binnekade, A.H. Mulder, L.J. Vanderschuren,
Drug-induced reinstatement of heroin-and cocaine-seeking behaviour following
long-term extinction is associated with expression of behavioural sensitization, Eur.
J. Neurosci. 10 (11) (1998) 3565–3571.
[7] U. Shalev, J.W. Grimm, Y. Shaham, Neurobiology of relapse to heroin and cocaine
seeking: a review, Pharmacol. Rev. 54 (1) (2002) 1–42.
[8] D. Mueller, J. Stewart, Cocaine-induced conditioned place preference:
S. Farahimanesh et al. Peptides 101 (2018) 25–31
30
reinstatement by priming injections of cocaine after extinction, Behav. Brain Res.
115 (1) (2000) 39–47.
[9] L.A. Parker, R.V. Mcdonald, Reinstatement of both a conditioned place preference
and a conditioned place aversion with drug primes, Pharmacol. Biochem. Behav. 66
(3) (2000) 559–561.
[10] C. Manzanedo, M.A. Aguilar, M. Rodriguez‐Arias, J. Miñarro, Conditioned place
preference paradigm can be a mouse model of relapse to opiates, Neurosci. Res.
Commun. 28 (1) (2001) 23–29.
[11] Y. Itzhak, J.L. Martin, Cocaine-induced conditioned place preference in mice: in-
duction, extinction and reinstatement by related psychostimulants, (2002).
[12] U.E. Ghitza, Needed relapse-prevention research on novel framework (ASPIRE
model) for substance use disorders treatment, Front Psychiatry 6 (2015) 37.
[13] S.A. Farr, W.A. Banks, M.E. La Scola, J.F. Flood, J.E. Morley, Permanent and tem-
porary inactivation of the hippocampus impairs T-maze footshock avoidance ac-
quisition and retention, Brain Res. 872 (1–2) (2000) 242–249.
[14] E.J. Nestler, Neurobiology. Total recall-the memory of addiction, Science 292
(5525) (2001) 2266–2267.
[15] F.C. Yang, K.C. Liang, Interactions of the dorsal hippocampus, medial prefrontal
cortex and nucleus accumbens in formation of fear memory: diﬀerence in inhibitory
avoidance learning and contextual fear conditioning, Neurobiol. Learn Mem. 112
(2014) 186–194.
[16] T.J. Gould, Addiction and cognition, Addiction Sci. Clin. Pract. 5 (2) (2010) 4.
[17] A. Haghparast, Z. Fatahi, S.Z. Alamdary, F. Khodagholi, Changes in apoptotic fac-
tors in hypothalamus and hippocampus after acute and subchronic stress induction
during conditioned place preference paradigm, EXCLI J. 12 (2013) 1001–1016.
[18] A. Rashidy-Pour, M. Moradi, Z. Fatahi, A. Haghparast, A. Haghparast, Role of intra-
hippocampal orexin 1 and orexin 2 receptors in conditioned place preference in-
duced by chemical stimulation of the lateral hypothalamus, Behav. Brain Res. 279
(2015) 106–111.
[19] E. Riahi, F. Khodagholi, A. Haghparast, Role of dorsal hippocampal orexin-1 re-
ceptors in associating morphine reward with contextual stimuli, Behav. Pharmacol.
24 (4) (2013) 237–248.
[20] J. Luo, L. Jing, W.J. Qin, M. Zhang, A.J. Lawrence, F. Chen, J.H. Liang,
Transcription and protein synthesis inhibitors reduce the induction of behavioural
sensitization to a single morphine exposure and regulate Hsp70 expression in the
mouse nucleus accumbens, Int. J. Neuropsychopharmacol. 14 (1) (2011) 107–121.
[21] P.G. Henke, Hippocampal pathway to the amygdala and stress ulcer development,
Brain Res. Bull. 25 (5) (1990) 691–695.
[22] A. Ishikawa, S. Nakamura, Ventral hippocampal neurons project axons simulta-
neously to the medial prefrontal cortex and amygdala in the rat, J. Neurophysiol. 96
(4) (2006) 2134–2138.
[23] J.D. Steketee, P.W. Kalivas, Drug wanting: behavioral sensitization and relapse to
drug-seeking behavior, Pharmacol. Rev. 63 (2) (2011) 348–365.
[24] A. Pitkanen, M. Pikkarainen, N. Nurminen, A. Ylinen, Reciprocal connections be-
tween the amygdala and the hippocampal formation, perirhinal cortex, and post-
rhinal cortex in rat. A review, Ann. N. Y. Acad. Sci. 911 (2000) 369–391.
[25] P.W. Kalivas, K. McFarland, Brain circuitry and the reinstatement of cocaine-
seeking behavior, Psychopharmacology (Berl) 168 (1–2) (2003) 44–56.
[26] T.S. de Lecea, C. Kilduﬀ, X. Peyron, P.E. Gao, P.E. Foye, C. Danielson,
E.L. Fukuhara, V.T. Battenberg, F.S. Gautvik, WN, A.N. Frankel, F.E. van den Pol,
K.M. Bloom, J.G. Gautvik, The hypocretins: hypothalamus-speciﬁc peptides with
neuroexcitatory activity, Proc. Natl. Acad. Sci. U. S. A. 95 (1) (1998) 322–327.
[27] T. Sakurai, A. Amemiya, M. Ishii, I. Matsuzaki, R.M. Chemelli, H. Tanaka,
S.C. Williams, J.A. Richardson, G.P. Kozlowski, S. Wilson, J.R. Arch,
R.E. Buckingham, A.C. Haynes, S.A. Carr, R.S. Annan, D.E. McNulty, W.S. Liu,
J.A. Terrett, N.A. Elshourbagy, D.J. Bergsma, M. Yanagisawa, Orexins and orexin
receptors: a family of hypothalamic neuropeptides and G protein-coupled receptors
that regulate feeding behavior, Cell 92 (4) (1998) 573–585.
[28] S.A. Deadwyler, L. Porrino, J.M. Siegel, R.E. Hampson, Systemic and nasal delivery
of orexin-A (Hypocretin-1) reduces the eﬀects of sleep deprivation on cognitive
performance in nonhuman primates, J. Neurosci. 27 (52) (2007) 14239–14247.
[29] B. Boutrel, L. de Lecea, Addiction and arousal: the hypocretin connection, Physiol.
Behav. 93 (4-5) (2008) 947–951.
[30] G.C. Harris, M. Wimmer, G. Aston-Jones, A role for lateral hypothalamic orexin
neurons in reward seeking, Nature 437 (7058) (2005) 556–559.
[31] M.H. James, S.V. Mahler, D.E. Moorman, G. Aston-Jones, A decade of orexin/hy-
pocretin and addiction: where are we now? Behav. Neurosci. Orexin/Hypocretin
(2017) 247–281.
[32] D.M. Hutcheson, D. Quarta, B. Halbout, A. Rigal, E. Valerio, C. Heidbreder, Orexin-
1 receptor antagonist SB-334867 reduces the acquisition and expression of cocaine-
conditioned reinforcement and the expression of amphetamine-conditioned reward,
Behav. Pharmacol. 22 (2) (2011) 173–181.
[33] G. Aston-Jones, R.J. Smith, G.C. Sartor, D.E. Moorman, L. Massi, P. Tahsili-Fahadan,
K.A. Richardson, Lateral hypothalamic orexin/hypocretin neurons: a role in reward-
seeking and addiction, Brain Res. 1314 (2010) 74–90.
[34] D.E. Moorman, M.H. James, E.A. Kilroy, G. Aston‐Jones, Orexin/hypocretin neuron
activation is correlated with alcohol seeking and preference in a topographically
speciﬁc manner, Eur. J. Neurosci. 43 (5) (2016) 710–720.
[35] R.J. Smith, P. Tahsili-Fahadan, G. Aston-Jones, Orexin/hypocretin is necessary for
context-driven cocaine-seeking, Neuropharmacology 58 (1) (2010) 179–184.
[36] P. Trivedi, H. Yu, D.J. MacNeil, L.H. Van der Ploeg, X.M. Guan, Distribution of
orexin receptor mRNA in the rat brain, FEBS Lett. 438 (1-2) (1998) 71–75.
[37] T.M. Korotkova, O.A. Sergeeva, K.S. Eriksson, H.L. Haas, R.E. Brown, Excitation of
ventral tegmental area dopaminergic and nondopaminergic neurons by orexins/
hypocretins, J. Neurosci. 23 (1) (2003) 7–11.
[38] X.Y. Chen, L. Chen, Y.F. Du, Orexin-A increases the ﬁring activity of hippocampal
CA1 neurons through orexin-1 receptors, J. Neurosci. Res. 95 (7) (2017)
1415–1426.
[39] J.E. Lisman, A.A. Grace, The hippocampal-VTA loop: controlling the entry of in-
formation into long-term memory, Neuron 46 (5) (2005) 703–713.
[40] M. Narita, Y. Nagumo, M. Miyatake, D. Ikegami, K. Kurahashi, T. Suzuki,
Implication of protein kinase C in the orexin-induced elevation of extracellular
dopamine levels and its rewarding eﬀect, Eur. J. Neurosci. 25 (5) (2007)
1537–1545.
[41] G. Paxinos, C. Watson, The Rat Brain in Stereotaxic Coordinates, Academic Press,
San Diego, 1998.
[42] A.R. Delamater, Experimental extinction in Pavlovian conditioning: behavioural
and neuroscience perspectives, Q. J. Exp. Psychol. B 57 (2) (2004) 97–132.
[43] W.A. Corrigall, M.A. Linseman, Conditioned place preference produced by intra-
hippocampal morphine, Pharmacol. Biochem. Behav. 30 (3) (1988) 787–789.
[44] M. Isokawa, Cellular signal mechanisms of reward-related plasticity in the hippo-
campus, Neural Plast. 2012 (2012) 945373.
[45] S.H. Lee, N. Huh, J.W. Lee, J.W. Ghim, I. Lee, M.W. Jung, Neural signals related to
outcome evaluation are stronger in CA1 than CA3, Front. Neural Circuits 11
(2017) 40.
[46] G.C. Sartor, G.S. Aston-Jones, A septal-hypothalamic pathway drives orexin neu-
rons, which is necessary for conditioned cocaine preference, J. Neurosci. 32 (13)
(2012) 4623–4631.
[47] Z. Taslimi, A. Haghparast, M. Hassanpour-Ezatti, M.S. Safari, Chemical stimulation
of the lateral hypothalamus induces conditioned place preference in rats: involve-
ment of OX1 and CB1 receptors in the ventral tegmental area, Behav. Brain Res. 217
(1) (2011) 41–46.
[48] A. Haghparast, Z. Taslimi, M. Ramin, P. Azizi, F. Khodagholi, M. Hassanpour-Ezatti,
Changes in phosphorylation of CREB, ERK, and c-fos induction in rat ventral teg-
mental area, hippocampus and prefrontal cortex after conditioned place preference
induced by chemical stimulation of lateral hypothalamus, Behav. Brain Res. 220 (1)
(2011) 112–118.
[49] L. Zarepour, A. Komaki, S. Shahidi, A. Sarihi, A. Haghparast, Potentiation of re-
warding properties of morphine by concurrent chemical stimulation of lateral hy-
pothalamus in rats, Pharmacol. Biochem. Behav. 107 (2013) 36–41.
[50] G.C. Harris, M. Wimmer, J.F. Randall-Thompson, G. Aston-Jones, Lateral hy-
pothalamic orexin neurons are critically involved in learning to associate an en-
vironment with morphine reward, Behav. Brain Res. 183 (1) (2007) 43–51.
[51] R. Sharf, D.J. Guarnieri, J.R. Taylor, R.J. DiLeone, Orexin mediates morphine place
preference, but not morphine-induced hyperactivity or sensitization, Brain Res.
1317 (2010) 24–32.
[52] B. Sadeghi, S. Ezzatpanah, A. Haghparast, Eﬀects of dorsal hippocampal orexin-2
receptor antagonism on the acquisition, expression, and extinction of morphine-
induced place preference in rats, Psychopharmacology (Berl) 233 (12) (2016)
2329–2341.
[53] Y.L. Wang, S.Z. Yang, W.L. Sun, Y.Z. Shi, H.F. Duan, Altered functional interaction
hub between aﬀective network and cognitive control network in patients with
major depressive disorder, Behav. Brain Res. 298 (Pt B) (2016) 301–309.
[54] E. Akbari, N. Naghdi, F. Motamedi, Functional inactivation of orexin 1 receptors in
CA1 region impairs acquisition, consolidation and retrieval in Morris water maze
task, Behav. Brain Res. 173 (1) (2006) 47–52.
[55] E. Akbari, F. Motamedi, N. Naghdi, M. Noorbakhshnia, The eﬀect of antagonization
of orexin 1 receptors in CA1 and dentate gyrus regions on memory processing in
passive avoidance task, Behav. Brain Res. 187 (1) (2008) 172–177.
[56] A. Flores, V. Valls-Comamala, G. Costa, R. Saravia, R. Maldonado, F. Berrendero,
The hypocretin/orexin system mediates the extinction of fear memories,
Neuropsychopharmacology 39 (12) (2014) 2732–2741.
[57] S.V. Mahler, D.E. Moorman, R.J. Smith, M.H. James, G. Aston-Jones, Motivational
activation: a unifying hypothesis of orexin/hypocretin function, Nat. Neurosci. 17
(10) (2014) 1298–1303.
[58] T. Sakurai, The role of orexin in motivated behaviours, Nat. Rev. Neurosci. 15 (11)
(2014) 719–731.
[59] B. Boutrel, N. Cannella, L. de Lecea, The role of hypocretin in driving arousal and
goal-oriented behaviors, Brain Res. 1314 (2010) 103–111.
[60] R.J. Smith, G. Aston-Jones, Orexin/hypocretin 1 receptor antagonist reduces heroin
self-administration and cue-induced heroin seeking, Eur. J. Neurosci. 35 (5) (2012)
798–804.
[61] L. Zhou, S.M. Ghee, C. Chan, L. Lin, M.D. Cameron, P.J. Kenny, R.E. See, Orexin-1
receptor mediation of cocaine seeking in male and female rats, J. Pharmacol. Exp.
Ther. 340 (3) (2012) 801–809.
[62] L. Zhou, R.J. Smith, P.H. Do, G. Aston-Jones, R.E. See, Repeated orexin 1 receptor
antagonism eﬀects on cocaine seeking in rats, Neuropharmacology 63 (7) (2012)
1201–1207.
S. Farahimanesh et al. Peptides 101 (2018) 25–31
31
